INTRODUCTION
There appeared a number of papers dealing with the influence of the reticular formation upon the visual system ' 3,4,7,8,9,12,17) . Hernandez-Peon and his co workers7. 8, 9) reported that responses of the lateral geniculate (LGD) to photic stimulation were suppressed by electrical stimulation of the reticular system. This was confirmed by Bremer and Stoupel30. Long12) observed that evoked potentials of the LGD to electrical stimulation of the optic nerve were enhanced by reticular stimulation. Further it was reported by Bremer and Stoupel that cortical and LGD evoked potentials to stimulation of the optic nerve received facilitation, when the reticular system was electrically stimulated. Suzuki and Taira17) recorded isolated spikes of the optic radiation in response to a single shock applied to the optic tract, and found that the response probability of the radiation fibers was increased by a single shock applied to the reticular formation prior to the optic tract stimulus. The same authors also observed that evoked potentials of the lateral geniculate (LGD responses) were enhanced likewise by a reticular single shock.
Since their studies were restricted to the mesencephalic reticular formation, it was attempted in the present experiment to extend a similar survey using a similar method to all the important subcortical structures. Evoked potentials of the LGD were recorded by a bipolar electrode whose interpolar distance was 2.5 mm. The evoked potential picked up by this method was in pattern so similar to that obtained by monopolar recording by Bishop and McLeod2 ) that the same principle adopted by these authors for description of the wave pattern was applicable to records obtained in the present experiment. Two stimulating electrodes were used, one placed in the mesence phalic reticular formation and the other in another subcortical locus to be explored, and the effect of stimulating the subcortical structure in question was studied always in comparison with that of the mesencephalic reticular formation (F2, L3, H-1).
The localization of the electrode tip was estimated according to the stereotaxic atlas of Jasper and Ajmone-Marsan11) and that of Magoun14), and determined histologically afterwards. A stimulating electrode for the optic tract was inserted so as to reach a point corresponding to F13, L4, H-5 and further adjustment was carried out to get the maximal stimulation effect. In a few cases another stimulating point of the optic tract, that is, a point corresponding to F10.5, L7.5, H-3.5 was used.
The locus of the LGD from which evoked potentials were picked up was a point denoted by F7.5, L9, H4. A conditioning shock was applied to the mesencephalic reticular formation 100 msec prior to the test shock which was applied to the optic tract. The condition ing shock clearly enhanced the postsynaptic component r1, but no change could be observed on the presynaptic component t1, as can be seen from Fig. 1A and B. Such clear-cut enhancement was, however, obtained only when the test shock was weak for example, not stronger than 2-3 times the threshold: with stronger test shocks no remarkable enhancement could be obtained (cf. Fig. 1C with D 
Brain stem reticular formation
This experiment concerned the question as to whether there was any local difference within the brain stem reticular formation concerning the effect under consideration.
An interval of 100 msec was allowed between conditioning and test shocks. The conditioning pulse was 6 volts in intensity and 3 msec in dura tion. The results of stimulation experiments at a rostral part (above) and a caudal part (below) of the bulbar reticular formation are illustrated in Fig. 2 , where percentage increases and depths of the electrode tip are represented as ordinates and abscissae respectively. It is to be noted that the rostral part represents the area of the bulbar reticular formation having a facilitatory effect upon the motor system (Rhines and Magounls)), while the caudal part represents an inhibitory area (Magoun and Rhines13)). As can be seen in the upper diagram of Fig . 2 , the maximal facilitation is about 30%, and in the control experiment carried out at the mesencephalon the effect was also about 30%. It may, therefore , be said that the rostral part of the bulbar reticular formation is equivalent to the mesencephalic one in effectiveness. In the lower diagram of Fig . 2 representing the effect of the caudal part of the bulbar reticular formation of another animal the maximal facilitatory effect was higher than in the above case, but the control experiment made at the mesencephalic level showed also a higher value . In. any case the bulbar reticular formation was shown to be almost equivalent to the mesencephalic one concerning this kind of effect.
Dependence of facilitation upon the intensity of conditioning shocks was studied at the mesencephalic and bulbar levels of the brain stem reticular forma tion, and the results obtained are illustrated in Fig. 3 . As can be seen from the lower diagrams of this figure, there was no essential difference between these loci, the maximal facilitation being about 60% in both cases. The optimal interval between conditioning and test shocks for this effect was shown to be almost identical at the two levels of the brain stem reticular formation (see Fig. 4 A. Nuclei with subeortical connections N. centrum medianum (CM): The result is shown in Fig. 5 , which represents percentage increases of LGD responses caused by stimulations at various depths in the frontal plane F7. The facilitatory effect was found to be maximal at the depth corresponding to CM (F7, L3, Hl). The degree of facilitation was about 30%, while that caused by the control stimulus applied to the mesencephalic reticular formation was about 50%. The facilitatory effect increased with increas ing voltage of conditioning stimulus, as shown in Fig. 3 , but the highest level of facilitation was found a little lower than that at the mesencephalic or bulbar reticular formation. The dependence of the effect on the interval between conditioning and test stimuli was quite similar to that for the mesencephalic reticular formation, the maximal effect being found between 50-100 msec (see Fig. 6 ).
N. centralis lateralis (CL) : This nucleus (F9, L3.5, H3) was found equivalent to CM in effectiveness and other respects (see Fig. 7 ). The facilitatory effect was Fig. 4 , but for N. centrum medianum (above) and for mesencephalic reticular formation (below) in one and same animal. N. ventralis anterior (VA): The co-ordinate of this nucleus was F12, L3, H1.5. It is to be noted that this nucleus showed a moderate but clear-cut decrease of about 20% (see Fig. 8 ).
The inhibitory effect was maximal when the interval between conditioning and test stimuli was from 50 to 100 msec (see Fig. 9 ). However, the inhibitory effect was little dependent on the stimulus J. Okuda intensity, and could not be raised above 20% by increasing the intensity of stimulus (see Fig. 10 ). It is also to be noted that an inhibitory effect of about 20% was seen, while the control facilitatory effect at the mesencephalic reticular formation was 70%.
B.
Cortical relay nuclei N. ventralis postero-medialis (VPM) : The co-ordinate of this nucleus was F7.5, L6, HO (see Fig. 7 ). Stimulation of this nucleus caused no remarkable effect upon the LGD response.
N. ventralis lateralis (VL) : It is almost ineffective (see Figs. 8 and 9 ). N. anterior ventralis (AV): The co-ordinate of this nucleus was F11.5, L3, H5.
This nucleus was almost ineffective, the percentage increase being found less than 10% (see Fig. 8 ).
Corpus geniculatum mediale (GM): At this nucleus the effect was so slight that it may be regarded as ineffective.
C. Association nuclei N. lateralis posterior (LP): As can be seen from Figs. 7 and 10, there is some tendency to facilitation, but the effect is not so definite.
N. lateralis dorsalis (LD) : It is entirely ineffective (see Fig. 7 ). N. medialis dorsalis (MD): Quite ineffective, as shown in Fig. 5 ; no effect N. commissurae posterioris (NCP): This nucleus is situated at the rostral end of the mesencephalic reticular formation, and was found as effective as CM, although not so effective as the reticular formation.
N. subthalamicus (STh): This nucleus was found as effective as CM. Zona incerta (ZI): As effective as above (see Fig. 7 ). Forel's fields (Hl, H2): The same as STh and ZI (see Fig. 7 ). N. ruber (NR) : This nucleus appeared to be slightly effective, but it is possible that the effect is due to current spread, because this nucleus is surrounded by the reticular formation (see Fig. 5 ).
Pedunculus cerebralis (Ped): Ineffective (see Fig. 7 ).
All these results are summarized in Table I , in which the effect induced from each locus is expressed as percentage of that obtained from the mesencephalic reticular formation of the same animal. Effective loci are represented schemati cally in Fig. 11 . Eldred and Fujimori5' reported that stimulation of the motor inhibitory area determined by Magoun and Rhines13) caused a facilitatory effect upon the afferent discharge of the muscle spindle. These experiments show that the mode of control by each area of the reticular formation is different depending upon whether the controlled system is motor or sensory.
As represented in Table I , there are two effective groups of subcortical structures besides the reticular formation mentioned above; the one is the group of nuclei designated by Walker18) as nuclei with subcortical connections, and the other a group including N. commissurae posterioris (NCP), N. subthalamicus (STh), Zona incerta (ZI), Forel's fields (Hl, H2) and N. ruber (NR). The so called nuclei with subcortical connections undergo no degeneration by decortica tion so that they are regarded as subserving intrathalamic association. It seems quite reasonable that these nuclei should have an effect, whether facilitatory or inhibitory upon an intrathalamic structure, the lateral geniculate body, by way of the internuclear connections. It deserves attention that there can be seen functional differentiation among these nuclei in such a manner that N. centrum medianum (CM) and N. centralis lateralis (CL) are facilitatory, while N. ventralis anterior (VA) is inhibitory. VA was the sole inhibitory area that was found in the present experiment. The inhibitory action, that is, the decrease in amplitude of the LGD response is not so striking, but has been confirmed many times. In view of the circumstance that this nucleus is surrounded by effective facilitatory areas, unavoidable current spread into the facilitatory areas may have reduced the inhibitory action of VA. The fields such as H1, H2, ZI and STh are facilitatory and as effective as the above-mentioned nuclei CM and CL.
According to Nauta and Kuypers15), the brain stem reticular formation constitut ing the continuation of the diffuse spinal pathway branches into two systems, the intrathalamic fiber system and the subthalamic fiber system, as it ascends. The former proceeds dorsally to join the centromedian complex and further distributes in the internal medullary lamina. The other branch of the ascend ing reticular formation is said to terminate in Forel's subthalamic fields and Zona incerta. The above mentioned facilitatory areas such as CM, CL, ZI, Hl and H2 represent anatomically the continuation of the brain stem reticular formation which is the most effective facilitatory structure.
The effectiveness of the facilitatory thalamic structures is about 70 per cent of that of the brain stem reticular formation, as can be seen in Table I . N. com missurae posterioris (NCP) shows a similar effectiveness, but it is not yet clear whether the effect is due to stimulation of the nucleus itself or to that of the ascending intrathalamic fibers passing nearby. The red nucleus (NR) has some fiber connections with the reticular formation and is slightly effective in facilita ting the LGD response.
The other parts of the thalamus, for example, the cortical relay nuclei including N. ventralis postero-medialis (VPM), N. ventralis lateralis (VL), N. anterior ventralis (AV) and Corpus geniculatum mediale (GM) are entirely ineffective, and the so-called association nuclei such as N. lateralis dorsalis (LD), N. medialis dorsalis (MD) and Pulvinar (Pul) are all ineffective. The fact that N. lateralis posterior (LP) shows a slight effect about 16 per cent of the control may be correlated with the fiber connection existing between this nucleus and the tectum6). The so-called association nuclei are said to receive impulses from the relay nuclei and other intrathalamic nuclei and send them into the associa tion areas of the cortex. It is easy to understand that such nuclei together with the cortical relay nuclei have little influence upon the LGD response.
It is to be noted that the effective subcortical structures mentioned above
show an extensive overlap with the thalamic reticular system defined by Jasper10).
In short, it may be concluded that the LGD response receives a facilitatory effects from most thalamic nuclei which have some fiber connections with the reticular formation.
With the method used, especially with conditioning by a single pulse, the area from which an inhibitory effect could be induced was only limited.
Further experiments will be needed to answer the question as to whether similar results will be obtained with conditioning by repetitive stimuli or whether a quite different map will be obtained by this mode of conditioning stimulation.
SUMMARY
A single electric pulse was applied to various subcortical structures and its effect upon the evoked potential of the lateral geniculate body (the LGD response) to a single test pulse applied to the optic tract was investigated in the cat. The interval between both stimuli was 100 msec and the test stimulus used was submaximal.
1. Conditioning stimulation of any part of the brain stem reticular forma tion, mesencephalic or bulbar, caused augmentation of the LGD response.
